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A b s tra c t.  F ield tr ia ls  w ere  conducted fo r two seasons w ith  the 
ob jective  of testing the com para tive  e fficacy  of h e rb ic id es  applied 
s ing ly  o r in com bina tion , and the in teg ra tion  of chem ica l and m anual 
m ethods of co n tro llin g  w eeds in g ra in  sorghum . A ll the treatm ents 
reduced the density  and d ry  w e igh ts  of dom inant weeds, and 
increased the gra in  y ie lds  com pared  to w eedy con tro l p lots. T reat­
m ents having m e to lach lo r a t 10—1 -25 kg h a " 1, a com b ina tion  of 
a traz ine  +  m eto lach lo r, sequentia l ap p lica tion  of m e to lach lo r and 
bentazon, a traz ine  a t 0-75 and m eto lach lo r at 1-0 kg h a -1 as p re­
em ergence  fo llow ed by one m anual w eed ing  a round 30 days after 
sow ing w ere  su p e rio r to  the rest. The g ra in  y ie ld  from  the above 
he rb ic ide-trea ted  p lo ts did not d iffe r s ig n ific a n tly  from  the y ie ld s  of 
plots w hich w ere  repea ted ly  hand-w eeded. H ow ever, a traz ine  aione 
at a ll ra tes o r in com bina tion  w ith  o th e r he rb ic ides  s ig n ifica n tly  
reduced the sorghum  he igh t and s tove r y ie lds.
1. in tro d u c tio n
S o rg h um  (S o rg h u m  b ic o lo r  (L.) M oench) is  an im p o rta n t 
food  c ro p  g ro w n  d u rin g  th e  ra in y  and p o s t-ra in y  se a so n s  in 
the s e m i-a r id  re g io n s . B e in g  a vva rm -season  c rop , so rg h u m  
is g ro w n  u n d e r c o n d itio n s  fa v o u ra b le  fo r the  g ro w th  of 
w eeds, e s p e c ia lly  d u rin g  the  ra in y  se a so n  w h e n  w eed in fe ­
s ta tio n  and c o m p e titio n  is g re a te s t. S o rg h u m  s e e d lin g s  do 
not c o m p e te  w e ll a g a in s t w e e d s ; y ie ld  re d u c tio n s  due  to 
co m p e titio n  a re  re p o rte d  to ra n g e  from  20%  to 100%  in 
India, and from  8 %  to  41 %  in o th e r co u n tr ie s , d e p e n d in g  on 
the w e e d  flo ra , tim e  o f in fe s ta tio n , m a n a g e m e n t p ra c tice s , 
so il type  and ra in fa ll p a tte rn  (W iese  e t a i ,  1964; B u rn s id e  
and W icks, 1969; P h illip s , 1970; S hetty , 1978).
D u ring  the e a rly  s ta g es , w e e d s  a re  g e n e ra lly  m o re  c o m ­
p e titive  th a n  s o rg h u m . W a te r and n u tr ie n t re q u ire m e n ts  of 
m any so rg h u m  w e e d s  a re  g re a te r  than  th o se  o f the  crop , 
and re d u c tio n s  in c ro p  y ie ld  a re  g re a te r  w h e n  m o is tu re  and 
n u trie n ts  a re  lim it in g  (Shetty, 1978; S a n ka ra n  and  M ani, 
1972). T he se  w o rk e rs  sh o w e d  tha t w e e d s  re m o v e  m o is tu re  
and n u trie n ts  a t a fa s te r  ra te  th a n  s o rg h u m  in the e a rly  
s tages o f g ro w th , w h ich  is th e  c r itic a l p e rio d  fo r w eed  
co m p e titio n .
The tra d it io n a l ta ll loca l c u lt iv a rs  c o m p e te  w ith  the  w eeds 
b e tte r than  the  s h o rt-s ta tu re d  im p ro ve d  c u lt iv a rs . T h e re fo re , 
m ore  in te n s iv e  w e e d  co n tro l m e a s u re s  a re  needed fo r the  
h ig h -y ie ld in g  d w a rf c u lt iv a rs  (S he tty  and K ra n tz , 1977).
H and-w eed ing  is a c o m m o n  p ra c tic e  in the  tro p ics , b u l the 
cost and a v a ila b ility  of la b o u r, and fre q u e n t ra in s  w h ich  
re n d e r the  s o ils  d iff ic u lt to  w o rk , o ften  d e la y  w e e d in g . A lte r ­
na tive  m e thods in c lu d e  th e  use  o f h e rb ic id e s . A tra z in e , 
s im a z in e  and p ro p a z in e  h ave  sh o w n  good  p e rfo rm a n c e  in 
co n tro llin g  the  w e e d s  o f so rg h u m  u n d e r s e m i-a r id  co n d i­
tions (U padhyay and Khan, 1978; S ubba  R eddy e /a / . ,  1976).
H o w e ve r the  p re -e m e rg e n c e  a p p lic a tio n  o f h e rb ic id e s  usu­
a lly  w ill no t co n tro l to ta l w eed  flo ra , and it a lso  a llo w s  the 
e m e rg e n c e  o f w eeds a t a  la te r  tim e , d e p e n d in g  on the 
ra in fa ll. T hus, an a p p ro a ch  u s in g  bo th  p re - and p o s t-e m e r­
g e n ce  h e rb ic id e s  and in te g ra tio n  o f m anua l m e th o d s  m ay 
be n e c e s s a ry  to c o n tro l w e e d s . T he  p re s e n t s tu d y  w as 
th e re fo re  u n d erta ke n  to c o m p a re  the  e ffic a c y  o f h e rb ic id e s  
and the  in te g ra tio n  o f c h e m ic a l and m an u a l m e th o d s  fo r  the 
co n tro l o f w e e d s  in so rg h u m .
2. M ateria ls and methods
T ria ls  w e re  c a rr ie d  o u t d u rin g  the  ra in y  se a so n s  o f 1987 
and 1988 a t the  In te rn a tio n a l C rops R ese a rch  In s titu te  fo r 
the  S e m i-A rid  T ro p ic s  (IC R ISAT), P a ta n ch e ru , Ind ia . T he  s o il 
w a s  a m e d iu m -d e e p  A lf is o l (U d ic  R h o d o s ta lf), s a n d y  c la y  
loam  in te x tu re  w ith  a pH o f 8-4, low  in a v a ila b le  n itro g e n , 
p h o sp h o ru s  and  w ith  m e d iu m  co n te n t o f o rg a n ic  ca rb o n  
and p o ta ss iu m . R a in fa ll d u rin g  the  c ro p p in g  se a so n  (J u n e - 
O ctober) w a s  463 and 886 m m  in 1987 and 1988 re sp e c tive ly .
T he  h e rb ic id e  a p p lic a tio n s  and p o s t-e m e rg e n c e  w eed 
c o n tro l p ra c tic e s  e va lu a te d  in th e se  e x p e rim e n ts  a re  d e ­
s c rib e d  in T ab le  1. T re a tm e n ts  w e re  re p lic a te d  th r ic e  in a 
ra n d o m iz e d  c o m p le te -b lo c k  d e s ig n . Each p lo t w as 9-0 x  
7-0 m in s ize . P lo ts re ce ive d  60 kg N /h a  and  36 kg P20 5/ha , 
of w h ich  18 kg N and 36 kg P30 5 w a s  a p p lie d  a t p lan ting . 
S o rg h u m  (cv. h y b rid  CSH-9) w a s  se e d ed  on 22 Ju n e  1987 
and 16 Ju n e  1988 w ith  a tra c to r-d ra w n  seed  d r il l  in row s  
60 cm  a p a rt. A fte r  e m e rg e n c e , p la n ts  w e re  th in n e d  to 10 cm 
sp a c in g  be tw e en  p la n ts  w ith in  the  row s. A n  a re a  o f 3-0 x 
7-0 m from  the  c e n tre  of each  p lo t w a s  h a n d -h a rve s te d  on 6 
O cto b er 1987 and 7 O c to b e r 1988.
S o rg h u m  h e ig h t w a s  re c o rd e d  a t 30 and 60 da ys  a fte r 
so w in g  (d .a .s .). T he  le n g th s  o f the  p a n ic le , g ra in  and s to v e r 
y ie ld s  w e re  a lso  re c o rd e d . W eeds c o lle c te d  a t 60 d.a.s. and 
a t h a rv e s t fro m  a ra n d o m ly  p la ce d  q u a d ra n t of 1-0 m 2 w e re  
coun ted , w a sh e d  and th e n  o v e n -d rie d  to c o m p u te  w eed 
d e n s ity  and d ry  m atte r. A kn a p -sa ck  s p ra y e r  w a s  used to 
a p p ly  h e rb ic id e . The w e e d -fre e  c o n tro l w a s  m a in ta in e d  by 
re p e a te d  h a n d -w e e d in g s  e v e ry  10 da ys  u n til h a rve s t. S ince 
the re sp o n se s  to h e rb ic id e  w e re  s im ila r  in the  tw o  years , 
da ta  w e re  poo led  and a n a lysed .
T he  w e e d  f lo ra  in the  e x p e rim e n ta l a re a  co n s is te d  o( 
D ig e ra  a rv e n s ls  Forsk., C e lo s ia  a rg e n te a  L., E c lip ta  a lb a  L. 
Hassk, P h y lla n th u s  n ir u r i  L ., P h y lla n th u s  m a d e ra sp a te n -  
s is  L., A m a ra n th u s  v ir id is  L., D ig ita r ia  s a n g u in a lis  L. Seep., 
D in e b ra  re tro fle x a  (Vah l) Panz., E ch in o c lo a  c ru s g a lli Beau V. 
and B ra c h ia r ia  e ru c ifo rm is  S tapf.
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Table 1 E ffect o f d iffe ren t trea tm ents on the d e ns ity  a n d  d ry  w e igh t o f weeds
T reatm ents Rate 
(kg a .i./ha)
T im e of 
applica tion
Weed cou n t/m 2 Dry w e igh t of weeds (g /rrr)
60 d.a.s. At harvest 60 d.a.s. At harvest
A traz ine 0-5 Pre 79 (8 9) 50 (7-1) 151 (12.3) 132 (11.5)
A traz ine 075 Pre 45 (6-8) 39 (6-3) 88 (9-3) 88 (9-4)
A traz ine 100 Pre 35 (6 0) 29 (5 3) 67 (8-2) 69 (8-3)
M eto lach lo r 0-75 Pre 73 <8 6) 40 (6 4) 114 (10-7) 118 (10-9)
M eto lach lo r 100 Pre 45 (6-8) 34 (5-9) 77 (8-8) 80 (8-9)
M eto lach lo r 1-25 Pre 30 (5-5) 26 (5-2) 52 (7-2) 59 (7-7)
A tra z in re  +  M e to lach lo r 0-4 +  0-6 Pre 24 (5 0) 23 (4 8) 49 (7 0) 75 (8 7)
Bentazon 100 Post 82 (9-1) 78 (8-9) 258 (16-1) 158 (12 6)
Bentazon 1-50 Post 73 (8-6) 60 (7-8) 217 (14-7) 120 (110)
Bentazon 200 Post 55 (7-4) 53 (7-3) 189 (13-8) 105 (10-3)
A traz ine  —  Bentazon 0-75 -i- 10 Pre-post 48 (6 9) 36 (6 0) 51 (7 2) 83 (9-1)
M eto lach lo r —  Bentazon 1-0 +  1-0 Pre-post 68 (8-3) 30 (5-5) 42 (6-5) 53 (7-3)
A traz ine  4- M e to lach lo r -  Bentazon 0-4 +  0-6 -  10 Pre-post 23 {4 8) 20 (4-5) 35 (6 0) 61 (7-9)
A traz ine  +  m anual w eed ing 0-75 30 DAS 40 (6-4) 22 (4-8) 16 (4 0) 43 (6-6)
M eto lach lo r +  m anual w eed ing 1-0 30 DAS 26 (5 2) 19 (4-5) 17 (4-2) 21 (4-6)
W eed-free _ 0 (0-7) 0 (0-7) 0 (0-7) 0 (07)
W eedy check _ _ — 138 (11-8) 100 (10-0) 229 (17-0) 273 (16-5)
S.E. 3 (0 3) 4 (0 3) 9 (0-3) 5 (0-3)
LSD (0 05) 0-9 0-9 0-9 0-9
Data in parentheses are  transform ed va lues N/ ( X  +  0-5).
Pre =  P re-em ergence; post =  post-em ergence; d.a.s. =  days a fte r sow ing.
3. R esu lts  and  d is c u s s io n
3.1. Effects on Weeds
A ll th e  h e rb ic id e  tre a tm e n ts  s ig n ific a n tly  reduced  the 
w e e d  d e n s ity  c o m p a re d  to the  w e e d y  co n tro l (T ab le  1). 
M e to la c h lo r  a lo n e  at 1-25 kg, m e to la c h lo r  a t 1-0 kg fo llow ed  
by one  m anua l w e e d in g  a t 30 da ys  a fte r so w in g  (d.a .s .), a 
c o m b in a tio n  of a tra z in e  +  m e to la c h lo r  (0-75 +  1-0 kg) and 
a tra z in e  +  m e to la c h lo r  a p p lie d  b e fo re  e m e rg e n ce  fo llow ed  
by ben ta zo n  a fte r e m e rg e n ce  w e re  s ig n ific a n tly  s u p e r io r  to 
a ll o th e r tre a tm e n ts  by re c o rd in g  the lo w e s t w eed counts  
bo th  at 60 d.a.s. and at h a rve s t. B e s id e s  the  above  tre a t­
m en ts , a tra z in e  a lo n e  a t 1 0  kg o r a t 0 7 5  kg fo llo w e d  by a 
h a n d -w e e d in g  w e re  e q u a lly  e ffe c tiv e  in re d u c in g  the w eed 
p o p u la tio n  a t h a rv e s t bu t w e re  s ig n ific a n tly  d iffe re n t from  
the  a b o ve  tre a tm e n ts  a t 60 d .a .s. N one o f the trea tm e n ts  w as 
as e ffe c tiv e  as the  w e e d -fre e  co n tro l m a in ta in e d  by repeated  
ha n d-w e e d in gs .
T he  d ry  w e ig h t o f w e e d s  a t 60 d .a .s. and a t h a rve s t w as 
m o s t reduced  in p lo ts  tre a te d  w ith  m e to la c h lo r  a t 1-0 kg 
fo llo w e d  by one  m anua l w e e d in g . A tra z in e  a t 0 .7 5  kg fo l­
low ed  by one m an u a l w e e d in g  w a s  the  n e x t-b e s t tre a tm e n t 
(Tab le  1). A ll the  h e rb ic id e  tre a tm e n ts  s ig n ific a n tly  reduced  
the  w e e d  d ry  w e ig h t c o m p a re d  to the w e e d y  c o n tro l. In c re a s ­
ing the  a p p lic a tio n  o f a tra z in e , m e to la c h lo r, ben tazon  and 
th e ir  c o m b in a tio n s  in h ib ite d  the e m e rg e n c e  o f w e e d s  in the 
la te r  s ta g es  of c ro p  g ro w th .
3.2. Effects on crop
P la n t h e ig h t o f s o rg h u m  a t 30 and 60 d .a .s. w as s ig n ­
if ic a n tly  reduced  by a ll ra tes  o f a tra z in e  a lo n e  o r in c o m b in a ­
tio n  w ith  o th e r h e rb ic id e s  (Tab le  2). T he  e ffe c t on  p la n t h e ig h t 
w a s  m o re  p ro n o u n ce d  at h ig h e r ra tes  w h e re  th e  p lan ts  w e re  
s ig n ific a n tly  s h o rte r  than  th o se  in the  w e e d y  co n tro l. The
a p p lic a tio n  o f ben tazon  a lso  tended  to  re d u ce  h e ig h t bu t the 
e ffec t w a s  n o t c o n s is te n t be tw e en  seasons.
P an ic le  le n g th  w a s  reduced  s ig n ific a n tly  in the  w e e d y  
co n tro l and a lso  by ben ta zo n  a t a ll the ra te s  (T ab le  2). N one 
of the o th e r h e rb ic id e  tre a tm e n ts  red u ce d  the  le n g th  o f the 
p a n ic le  b e lo w  tha t in th e  w e e d -fre e  co n tro l.
H ig h e s t g ra in  and s to v e r y ie ld s  w e re  re co rd e d  in the 
w e e d -fre e  p lo ts  (Tab le  2). A m o n g  the h e rb ic id e  tre a tm e n ts , 
m e to la c h lo r  a t 1-0-1-25 kg, a tra z in e  +  m e to la c h lo r  co m b in a ­
tion , m e to la c h lo r  a t 1-0 kg a p p lie d  b e fo re  e m e rg e n ce  fo l­
low ed by ben ta zo n  a-t 1-0 kg a fte r e m e rg e n ce , a tra z in e  at 
0-75 kg o r  m e to la c h lo r  at 1-0 kg as p re -e m e rg e n c e  fo llo w e d  
by one  m anua l w e e d in g  a ro u n d  30 d.a.s. re co rd e d  g ra in  and 
s to v e r y ie ld s  c o m p a ra b le  to  w e e d -fre e  co n tro l and w e re  
s ig n ific a n tly  s u p e rio r  to a ll o th e r trea tm e n ts .
A ll the h e rb ic id e  tre a tm e n ts  e xce p t a tra z in e  a t 1-0 kg w e re  
found to be s u p e r io r  to the w e e d y  co n tro l in  im p ro v in g  g ra in  
and s to v e r y ie ld s . T he  s u p e rio r ity  of m e to la c h lo r  a lo n e , or 
its c o m b in a tio n  w ith  o th e r h e rb ic id e s , and the  p re -e m e rg e n t 
a p p lic a tio n  o f a tra z in e  o r  m e to la c h lo r fo llo w e d  by one m an ­
ual w e e d in g  m ay be a ttr ib u te d  to b e tte r g ro w th  and y ie ld  
co m p o n e n ts  of s o rg h u m  c o m p a re d  to o th e r trea tm e n ts . The 
above  tre a tm e n ts  w e re  e ffe c tiv e  in c o n tro llin g  the  w eeds at 
c r itic a l s ta g e s  o f c ro p -w e e d  co m p e titio n .
3.3 Other effects
T he u n w e e de d  co n tro l re co rd e d  m in im u m  g ra in  and 
s to ve r y ie ld s . T he  d e c re a s e  in g ra in  and s to v e r y ie ld  w hen 
co m p a re d  to the w e e d -fre e  co n tro l w a s  53%  and 44%  
re s p e c tive ly . A tra z in e  and m e to la c h lo r a p p lie d  b e fo re  e m e r­
gence  sho w e d  good  w e e d  co n tro l a c tiv ity  by red u c in g  the 
w eed p o p u la tio n  and d ry  m a tte r w hen  a p p lie d  a lone  o r  in 
co m b in a tio n  as c o m p a re d  to p o s t-e m e rg e n c e  a p p lic a tio n  of 
ben tazon . In c re a se d  c o n c e n tra tio n s  o f a ll the  h e rb ic id e s
Table  2. Effect o f
In te g ra te d  w e e d  m a n a g e m e n t in  S o rg h u m
d iffe re n t tre a tm e n ts  on p la n t height, ear-leng th , g ra in  and  s to ve r y ie ld s  o f s orghum
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Treatm ents Rate 
(kg a .i./ha)
Plant he ight (cm) Panicle
iength
(cm)
G ra in
yie ld
(kg/ha)
S tover
yie ld
(kg/ha)30 d.a.s. 60 d.a.s.
A traz ine 0-5 79 139 26 4350 9841
A trazine 0-75 74 134 26 4304 9990
A trazine 100 66 132 26 2872 7741
M eto lach lo r 0-75 85 144 26 4299 10684
M eto lach lo r 100 85 143 26 4909 11958
M eto lach lo r 1 25 82 143 27 4722 11573
A traz ine  +  M eto lach lor 0-4 -i- 0 6 79 141 26 4733 10981
Bentazon 1-00 83 140 25 3407 8083
Bentazon 1 50 81 140 23 3558 9166
Bentazon 2-00 83 143 25 3509 8472
A trazine  —  Bentazon 07 5  +  1 0 75 135 26 4440 10133
M eto lach lo r -  Bentazon 1 0  -I 10 83 145 27 4745 11995
A trazine  +  M e to lach lo r -  Bentazon 0-4 +  0-6 -  1-0 81 143 25 4458 10930
A traz ine  +  m anual w eed ing 0-75 76 136 26 5083 11459
M eto lach lo r -i- m anual w eed ing 10 84 145 26 4968 11852
W eed-free — 85 147 27 5107 12713
W eedy check — 80 140 23 2401 7134
SE 1-1 1-5 0-5 159 393
LSD (0 05) 3-3 4-5 1-5 475 1175
re su lte d  in lo w e r w eed  d e n s ity  and d ry  m a tte r. T ox ic  e ffec ts  
of a tra z in e  on h e ig h t and v ig o u r w e re  o b s e rve d  a t a ll the 
leve ls . A t lo w e r le ve ls  it w as s lig h tly  p h y to to x ic  to so rg h u m  
in it ia lly  and the c rop  reco ve re d  in to  n o rm a l p la n ts  at la te r 
stages. H ow ever, h ig h e r le ve ls  w e re  p h y to to x ic , re s u ltin g  in 
c rop  m o rta lity  and p o o r s tand , in tu rn  re s u ltin g  in lo w e r g ra in  
and s to v e r y ie ld s . S ingh  and Rao (1974) o b se rve d  th a t the 
to x ic ity  of a tra z in e  d e p en d e d  upon the c o n c e n tra tio n  used. 
The a p p lic a tio n  o f a tra z in e  at 0 5 kg had no a d v e rs e  e ffe c t 
on p la n t s tand. S he lke  (1968) and S a n ka ran  and M ani (1974) 
re p o rte d  that d ry  m a tte r p e r p la n t w as in v e rs e ly  re la te d  to 
co n c e n tra tio n s  of a tra z in e , and reco m m e n d e d  less  than 
0-5 kg ha 1 o f a tra z in e  fo llo w e d  by one  la te -se a so n  m anua l 
w e e d in g  to s e c u re  b e s t w eed  c o n tro l;  th is  re c o rd e d  the 
h ig h e s t ne t re tu rn s .
A tra z in e  a p p lic a tio n  s tu n ted  g ro w th , m ak in g  p la n ts  m ore  
vu ln e ra b le  to s h o o tfly  and s te m b o re r  a tta ck  re s u ltin g  in a 
d ra s tic  re d u c tio n  in s o rg h u m  p o p u la tio n . M e to la c h lo r  w as 
found to be  q u ite  safe , and p la n ts  w e re  n o rm a l and ro b u s t 
w ith o u t any h e rb ic id e  in ju ry . V ig o u r in the  e a rly  s ta g e s  of 
p la n i g ro w th  p ro v id e s  so m e  p ro te c tio n  fro m  s h o o tfly  and 
s te m b o re r  in c id en ce . M ate  e t a i  (1988) a lso  found tha t ta lle r  
geno types, h a v ing  h ig h e r  g ro w th  ra te s  and v ig o u r, sho w e d  
g re a te r sh o o tfly  to le ra n ce . H ow ever, to avo id  in ju ry  to  s o rg ­
hum  from  a c e ta n ilid e  h e rb ic id e s  such  as m e to la c h lo r, seed 
tre a tm e n t w ith  s a fe n e r ca lle d  O x a b e tr in il (1 ,3 -d ioxo lan -2- 
y lm e th o x y im in o  (pheny l) a c e to n itr ile ) , c o m m e rc ia lly  know n 
as C o n ce p -ll, is n e ce ssa ry . C once p -ll is a h e rb ic id e  a n tid o te  
w h ich , w hen  used as a seed tre a tm e n t, p ro te c ts  g ra in  s o rg ­
hum  from  the  p h y to to x ic  e ffec ts  o f m e to la c h lo r  (A n o n ym o u s, 
1988).
4. C on c lus ion s
E ffective  co n tro l o f w e e d s  in s o rg h u m  is p ro v id e d  by a 
p re -e m e rg e n ce  a p p lic a tio n  o f m e to la c h lo r  a t 1-0-1-25 kg, o r 
a co m b in a tio n  o f 0-4 a tra z in e  +  0-6 kg m e to la c h lo r. M e to l­
a ch lo r a t 1-0 kg o r a tra z in e  a t 0-75 kg b e fo re  e m e rg e n ce  
fo llow ed  by one  m anua l w e e d in g  a t 30 d .a .s. can a lso  be
used. T he se  tre a tm e n ts  d id  no t in ju re  s o rg h u m  p la n ts  w h ile  
p ro d u c in g  y ie ld s  c o m p a ra b le  to  w e e d -fre e  c o n tro l ob ta ined  
by rep e a te d  hand w e e d in g s .
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